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DESCRIPTION 

CORE LESS LINEAR MOTOR 

5 TECHNICAL FIELD 

[OOOl] The present invention relates to a coreless 

linear motor. 

BACKGROUND ART 

[0002] A coreless linear motor is a linear motor of a 

10 type in which a coil is not wound around the core, that is, 
an armature does not have a core. Such a coreless linear 
motor has advantages that there is no cogging, a thrust 
fluctuation is small, precise control is easy, and so on. 
[0003] Coreless linear motors are used in various 

15 fields, for example, machine tools, injection molding 
machines, and semiconductor production apparatuses. 
[0004] In the coreless linear motor disclosed in Patent 

Document 1, Japanese Patent Publication (A) No. 2002- 
165434, a holding plate to which a coil is fixed is 

20 arranged between a pair of rows of permanent magnets 

arranged in straight lines. The interaction of the magnetic 
flux heading from one row of permanent magnets to the other 
row of permanent magnets and current flowing in the coil 
generates thrust based on Fleming's left-hand rule. The 

25 movable member of this coreless linear motor has a low 
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rigidity since the coil does not have a core. In order to 
raise the low rigidity, stainless steel, FRP (fiber 
reinforced plastic, registered trademark of DuPont 
Corporation) , or another non-magnetic material having a 
5 high rigidity is formed flat on the two surfaces of the 
holding plate and the coil is fixed to this by a resin in 
order to secure the rigidity of the movable member. 
However, in the coreless linear motor having the above 
structure, the holding plate of the coil is present in the 
10 path of the magnetic flux of the magnetic circuit, 

therefore the holding plate cannot be made thick. Namely, 
in the coreless linear motor of the type fixing the coil to 
the two surfaces of the holding plate, the greater the 
thickness of the holding plate, the lower the efficiency of 
15 utilization of the magnetic flux generated by the permanent 
magnets, therefore the holding plate cannot be made thick 
and there is a limit to improvement of the rigidity of the 
movable member in its structure. In this way, when a 
sufficient rigidity cannot be secured in the holding plate, 
20 there is the disadvantage that vibration is easily 

generated when the coreless linear motor is driven and the 
control loop gain cannot be raised. 

[0005] In the coreless linear motor explained above, 

the coil constituting the armature is fixed to the holding 
25 plate by a resin having a low heat conductivity and the 
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holding plate is formed by stainless steel or another 
material having a low heat conductivity, therefore the 
temperature inside the coreless linear motor easily rises 
due to the heat generated from the coil. As a result, 
5 positional deviation of components of the coreless linear 
motor occurs due to a temperature change. As a result, it 
is difficult to secure positioning precision of the 
coreless linear motor. From the viewpoint of heat 
radiation, preferably aluminum alloy or another metal 
10 having a high heat conductivity is used for the holding 

plate, but a metal having a high heat conductivity also has 
a low electrical resistance in comparison with stainless 
steel etc., therefore, when driving the linear motor, a 
considerably larger induction current than that in the case 
15 of use of stainless steel is generated. A force in a 

reverse direction to the thrust is generated due to the 
interaction of this induction current and the magnetic flux 
of the magnets and the fluctuation of the thrust with 
respect to the movable member in the linear motor becomes 
20 large. From the above viewpoint, aluminum alloy or another 
metal having a high heat conductivity is not suitable for 
use for the holding plate. 

Patent Document 1: Japanese Patent Publication (A) No. 

2002-165434 
25 DISCLOSURE OF THE INVENTION 
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[0006] An object of the present invention is to provide 
a coreless linear motor improving the rigidity of the 
armature and able to suppress a temperature rise due to 
heat generation of an armature coil . 
5 [0007] Another object of the present invention is to 
lighten the weight of the above coreless linear motor. 
[0008] The coreless linear motor of the present 

invention is comprised a fixed member and a movable member 
moving relatively with respect to the fixed member. 

10 [0009] In a coreless linear motor of a first aspect of 

the present invention, the fixed member has a yoke and 
groups of permanent magnets fixed to the yoke, and the 
movable member has a coil assembly. The movable member 
having a coil assembly moves between the groups of 

15 permanent magnets . 

[0010] In a coreless linear motor of a second aspect of 

the present invention, the movable member has a yoke and 
groups of permanent magnets arranged in the yoke. The fixed 
member has a coil assembly. The groups of permanent magnets 

20 and the movable member having the yoke move along a 
longitudinal direction of the coil assembly. 
[0011] The yoke has first and second facing yoke parts 

facing each other across a first distance and formed by 
magnetic materials and a connection yoke part connecting 

25 first ends of the first and second facing yoke parts. 
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[0012] The groups of permanent magnets include first 

and second groups of permanent magnets arranged so as to 
face the facing surfaces of the first and second facing 
yoke parts. Each of the first and second groups of 

5 permanent magnets has a plurality of magnets along the 
longitudinal direction of the yoke. In the plurality of 
magnets of each of the first and second groups of permanent 
magnets, the magnetic poles of magnets facing each other 
along the longitudinal direction of the yoke are different 

10 from each other, and the magnetic poles of the permanent 
magnets along the longitudinal direction of the yoke are 
the same . 

[0013] The coil assembly has at least three coils 

arranged movably relative to the first and second groups of 

15 permanent magnets along the longitudinal direction of the 
yoke between the first and second groups of permanent 
magnets. At least three coils are arranged and wound 
solidly in multiple layers, then fastened by a binder. The 
end surfaces of adjacent coils are connected with each 

20 other via an electrical insulation member. 

[0014] Preferably, it is further included a non- 
magnetic reinforcing member inserted into the solid portion 
of the coil. More preferably, a hole through which a 
cooling agent passes is formed inside the reinforcing 

25 member . 
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[0015] More preferably, the reinforcing member is 
arranged spaced from the surfaces of the first and second 
groups of permanent magnets by exactly the distance whereby 
the density of the magnetic flux incident upon the surface 
5 of the reinforcing member becomes 1/2 or less of the 

magnetic flux density of the magnets at the center of the 
surfaces of the facing first and second groups of permanent 
magnets . 

[0016] The objects and features of the present 

10 invention explained above and other objects and features 
will become clearer from the following description given 
with reference to the accompanying drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] [FIG. 1] FIG. 1 is a perspective view showing 

15 the structure of a coreless linear motor of a first 
embodiment based on the present invention. 

[FIG. 2] FIG. 2 is a perspective view showing the 
structure of a movable member in the coreless linear motor 
illustrated in FIG. 1. 
20 [FIG. 3] FIG. 3 is a side view of the movable member 

illustrated in FIG. 2. 

[FIG. 4] FIG. 4 is a sectional view along a plane 
perpendicular to the direct-acting directions of the 
movable member and a fixed member in the coreless linear 
25 motor illustrated in FIG. 1. 
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[FIG. 5] FIG. 5 is a diagram for explaining an 
operation of the coreless linear motor illustrated in FIG. 
1. 

[FIG. 6] FIG. 6 is a perspective view showing the 
5 structure of the movable member of a coreless linear motor 
of a second embodiment based on the present invention. 

[FIG. 7] FIG. 7 is a diagram for explaining the 
operation of the coreless linear motor having the movable 
member illustrated in FIG. 6. 
10 [FIG. 8] FIG. 8 is a diagram showing a modification of 

the coreless linear motor of the second embodiment. 

[FIG. 9] FIG. 9 is a sectional view showing an example 
of the structure of a coreless linear motor of a third 
embodiment based on the present invention. 
!5 [FIG. 10] FIG. 10 is a sectional view showing another 

example of the structure of a reinforcing member in the 
coreless linear motor of third embodiment. 

[FIG. 11] FIG. 11 is a perspective view of a coreless 
linear motor of a fourth embodiment based on the present 

20 invention. 

[FIG. 12] FIG. 12 is a side view of the coreless 
linear motor illustrated in FIG. 11. 

[FIG. 13] FIG. 13 is a sectional view along the plane 
perpendicular to the direct-acting directions of the 
25 movable member and the fixed member of the coreless linear 
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motor illustrated in FIG. 11. 

[FIG. 14] FIG. 14 is a sectional view in a horizontal 
plane direction of the movable member and the fixed member 
of the coreless linear motor illustrated in FIG. 11. 
5 [FIG. 15] FIG. 15 is a sectional view showing an 

example of a cooling method in the coreless linear motor 
illustrated in FIG. 11. 

[FIG. 16] FIG. 16 is a diagram showing the 
configuration of a coreless linear motor of a fifth 
10 embodiment based on the present invention. 

[FIG. 17] FIG. 17 is a diagram showing the 
configuration of a coreless linear motor of a sixth 
embodiment based on the present invention. 

[FIG. 18] FIG. 18 is a sectional view showing the 
15 structure of the movable member and the fixed member of the 
coreless linear motor illustrated in FIG. 17. 

[FIG. 19] FIG. 19 is a perspective view showing the 
structure of a coreless linear motor of a seventh 
embodiment based on the present invention. 
20 [FIG. 20] FIG. 20 is a perspective view showing the 

structure of the movable member in the coreless linear 
motor illustrated in FIG. 19. 

[FIG. 21] FIG. 21 is a perspective view showing a 
sectional structure of the movable member in the coreless 
25 linear motor illustrated in FIG. 19. 
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[FIG. 22] FIG. 22 is a perspective view showing the 
structure of a coreless linear motor of an eighth 
embodiment based on the present invention. 

[FIG. 23] FIG. 23 is a diagram showing the operation 
5 of the coreless linear motors illustrated in FIG. 19 to 
FIG. 22. 

[FIG. 24] FIG. 24 is a perspective view showing the 
structure of a coreless linear motor of a ninth embodiment 
based on the present invention. 
10 [FIG. 25] FIG. 25 is a diagram showing the operation 

of the coreless linear motor shown in FIG. 24. 

[FIG. 26] FIG. 26 is a diagram showing a modification 
of the ninth embodiment. 

[FIG. 27] FIG. 27 is a perspective view showing the 
15 structure of a coreless linear motor of a 10th embodiment 
based on the present invention. 

[FIG. 28] FIG. 28 is a perspective view showing the 
structure of a coreless linear motor of an 11th embodiment 
based on the present invention. 
20 [FIG. 29] FIG. 29 is a side sectional view of the 

coreless linear motor illustrated in FIG. 28. 

[FIG. 30] FIG. 30 is a sectional view of the coreless 
linear motor illustrated in FIG. 28. 

[FIG. 31] FIG. 31 is a diagram for explaining the 
25 operation of the coreless linear motor illustrated in FIG. 



7 



10 



28. 

[FIG. 32] FIG. 32 is a diagram for explaining an 
example of the cooling method of the coreless linear motor 
illustrated in FIG. 31. 
5 [FIG. 33] FIG. 33 is a perspective view showing the 

structure of a coreless linear motor of a 12th embodiment 
based on the present invention. 

[FIG. 34] FIG. 34 is a diagram showing the 
configuration of the coreless linear motor of the 12th 
10 embodiment based on the present invention. 

[FIG. 35] FIG. 35 is a sectional view showing the 
structure of the movement and fixed members of the coreless 
linear motor shown in FIG. 34. 
DESCRIPTION OF NOTATIONS 
15 [0018] 1, 100... coreless linear motor 

2, 150... movable member 

3, 30, 103... coil assembly 
3A, 3B, 3C... 3-phase coil 
5, 50, 101... fixed member 

20 9, 109... electrical insulation member 

10, 110... holding member 

11. . . fastening member 

20, 120... reinforcing member 

25, 125 . . . spacer 
25 51, 151. . . yoke 
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51A, 51B... first, second facing yoke parts 

51C. . . connection yoke part 

60 . . . groups of permanent magnets 

60A to 60D. . . group of permanent magnets 

BEST MODE FOR CARRYING OUT OF THE INVENTION 
[0019] Preferred embodiments of the coreless linear 

motor of the present invention will be explained with 
reference to the attached drawings. 
[0020] (First Embodiment) 

A coreless linear motor 1 of a first embodiment based 
on the present invention will be explained with reference 
to FIG. 1 to FIG. 5. 

[0021] FIG. 1 is a perspective view showing a structure 

of a coreless linear motor of the first embodiment based on 
the present invention. 

[0022] The coreless linear motor 1 has a fixed member 

50 and a movable member 2 moving relative to the fixed 
member 50. The fixed member 50 functions as a stator, while 
the movable member 2 functions as an armature. 
[0023] The fixed member 50 has a yoke 51, a first group 

of permanent magnets 6 OA, and a second group of permanent 
magnets 60B. The first and second groups of permanent 
magnets 60A and 60B will be referred to all together as the 
groups of permanent magnets 60 . 

[0024] The yoke 51 is constituted by first and second 
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facing yoke parts 51A and 5 IB having inner faces facing 
each other and face each other with a first distance Dl 
therebetween and a connection yoke part 51C arranged 
perpendicular to these yoke parts 51A and 51B and 
5 connecting first ends of the yoke parts 51A and 5 IB along 
the direct-acting directions (or longitudinal direction of 
yoke 51) Al and A2 . The other ends of the first and second 
facing yoke parts 51A and 5 IB are not connected, but are 
open in state. 

10 [0025] Outside surfaces of the first and second facing 
yoke parts 51A and 51B and/or connection yoke part 51C are 
fixed to a not illustrated base etc. 

[0026] The direct-acting directions (or longitudinal 

direction of the yoke 51) Al and A2 are directions in which 

15 the movable member 2 reciprocally moves between the first 
and second groups of permanent magnets 60A and 60B. 
[0027] The first and second facing yoke parts 51A and 

51B and the connection yoke part 51C are preferably 
integrally formed by iron or another f err o -magnetic 

20 material. The first and second facing yoke parts 51A and 
51B and the connection yoke part 51C may be formed as 
different members and integrally joined. When forming these 
as different members in this way, a configuration may be 
employed of using f erro-magnetic members for the first and 

25 second facing yoke parts 51A and 5 IB and using a non- 
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magnetic member for the connection yoke part 51C. From the 
viewpoint of reduction of weight of the coreless linear 
motor 1, material of a connection yoke part 51C may be need 
an aluminum alloy or other high specific strength, light 
5 weight metal, a reinforced plastic, or other non-magnetic 
material . 

[0028] The first and second groups of permanent magnets 

60A and 60B are arranged (fixed) facing the facing surfaces 
of the first and second facing yoke parts 51A and 51B 
10 across a second distance D2 . 

[0029] The first group of permanent magnets 60A 

arranged at the first facing yoke part 51A has a plurality 
of permanent magnets having the same width along the 
direct-acting directions Al and A2 . These plurality of 
15 permanent magnets are arranged toward the facing second 
group of permanent magnets 60B along the direct-acting 
directions (or longitudinal direction of the yoke 51) Al 
and A2 so that magnetic poles are alternately reversed, 
that is, the N pole magnets and the S pole magnets are 
20 alternately arranged. In the second group of permanent 

magnets 60B arranged in the second facing yoke part 51B, in 
the same way as the first group of permanent magnets 60A, a 
plurality of permanent magnets having the same width are 
arranged along the direct-acting directions Al and A2 so 
25 that the N poles and the S poles are alternately arranged. 
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In the direct-acting directions Al and A2 , the magnetic 
poles of the facing permanent magnets in the first and 
second groups of permanent magnets 60A and 60B are the 
same, and the length of each permanent magnet is LI. 
5 [0030] FIG. 2 and FIG. 3 are perspective views showing 

the structure of the movable member 2 . 

The movable member 2 preferably has a coil assembly 3, 
a reinforcing member 20, a holding member 10, and spacers 
25. 

10 [0031] As illustrated in FIG. 4, the coil assembly 3 
and the reinforcing member 20 are guided in the second 
distance D2 between the first and second groups of 
permanent magnets 60A and 60B along the direct-acting 
directions Al and A2 by a not illustrated guide mechanism 
15 fixed to the holding member 10. 

[0032] The holding member 10 is located at a position 
illustrated in FIG. 4, but in FIG. 1, the illustration of 
the holding member 10 is omitted for the simplification of 
illustration . 

20 [0033] The holding member 10 is comprised of a plate 

like member functioning to hold the coil assembly 3, for 
example, is formed by stainless steel, aluminum alloy, or 
another non-magnetic metal . 

[0034] The coil assembly 3 functioning as the armature 

25 of the coreless linear motor 1 is constituted by first to 
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third coils 3A, 3B, and 3C to which AC currents shifted in 
phase by 120 degrees are applied. The coils 3A, 3B, and 3C 
have rectangular cross-sections and form a hollow 
cylindrical shape as illustrated in FIG. 2 and FIG. 4. 
5 [0035] A length a of a first portion of the surface of 
each of the coils 3A, 3B, and 3C facing the first and 
second groups of permanent magnets 60A and 60B is longer 
than a length b of a second portion perpendicular to the 
first portion. The reason for making the length a of the 
10 first portion longer is to increase the number of crossings 
of magnetic fluxes of the first and second groups of 
permanent magnets 60A and 60B. How the length a of the 
first portion and the length b of the second portion is 
determined by considering also what to make the vertical 
15 and lateral lengths of the reinforcing member 20 in order 
to make the rigidity of the reinforcing member 20 a 
predetermined value. This is because, for example, if 
making the reinforcing member 20 too flat and thin, the 
rigidity of the reinforcing member 20 can no longer be 
20 maintained. 

[0036] The 3-phase coils 3A, 3B, and 3C are not wound 

around the core. Accordingly, this coreless linear motor 1 
is a coreless linear motor. The winding directions of the 
coils 3A, 3B, and 3C are all the same. 
25 [0037] The coils 3A, 3B, and 3C are obtained by coating 



16 



a wet binder on conductive wires covered by for example an 
electrical insulation material 9, arranging and winding 
these in multiple layers in a hollow cylindrical state so 
as to surround the reinforcing member 20, and curing and 
5 hardening the binder. After separately forming the 

rectangular cross-section, hollow cylinder shaped coils 3A, 
3B, and 3C, the end surfaces of the adjacent coils 3A, 3B, 
and 3C are connected with each other by the non-magnetic 
electrical insulation material 9. The electrical insulation 
10 material 9 is for example a glass epoxy resin or a hard 
alumite- treated aluminum alloy. 

[0038] By giving the above configuration to the coils 
3A, 3B, and 3C, even in a case where the reinforcing member 
20 is not provided, a large secondary moment in the cross- 
15 section can be obtained and the rigidity of the coil, 

particularly the bending rigidity and shearing rigidity, 
rises . 

[0039] If providing the reinforcing member 20, the 

rigidity of the coil assembly 3 is further improved. 

20 Namely, the reinforcing member 20 is provided in order to 
impart the required rigidity to the coil assembly 3. The 
reinforcing member 20 is made a columnar member having a 
rectangular cross-section as illustrated in FIG. 2 and FIG. 
4. The outer shape (contour) dimensions coincide with the 

25 dimensions of the inner walls of the hollow portions of the 
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coils 3A, 3B, and 3C. The member is fit in the hollow 
portions (inner walls) of the hollow cylindrical coils 3A, 
3B, and 3C and supports the coils 3A, 3B, and 3C. 
[0040] The reinforcing member 20 is not positioned in 
5 the magnetic field between the first and second groups of 
permanent magnets 60A and 60B and the coil assembly 3, 
therefore does not reduce the magnetic field between the 
first and second groups of permanent magnets 60A and 60B 
and the coil assembly 3 and does not distorts the magnetic 

10 field profile. 

[0041] After the reinforcing member 20 is fit in the 
hollow portion of the coil assembly 3 (coils 3A, 3B, and 
3C) , the reinforcing member 20 and the coil assembly 3 are 
fixed by an electrical insulation material the same as the 

15 electrical insulation material 9 used for the connection of 
the adjacent coils 3A, 3B, and 3C. In this way, the coil 
assembly 3 can be previously formed with a predetermined 
precision, therefore assembly of the reinforcing member 20 
and the coil assembly 3 is very easy. 

20 [0042] The reinforcing member 20 is formed by a non- 

magnetic electrically conductive material. As the non- 
magnetic electrically conductive material used for the 
reinforcing member 20, for example stainless steel, carbon 
graphite, an aluminum alloy, or a copper alloy can be used. 

25 [0043] The reinforcing member 20 has, other than the 
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function of raising the rigidity of the coil assembly 3, 
the function of radiating the heat generated in the coils 
3A, 3B, and 3C to the outside of the coil assembly 3 with a 
high efficiency. From that viewpoint, preferably a material 
5 having as high a heat conductivity as possible is used as 
the reinforcing member 20. A metal such as aluminum alloy 
or a copper alloy is optimum as the material of the 
reinforcing member 20 . 

[0044] In this way, the reinforcing member 20 has, 

10 other than the function of improving the rigidity of the 
coil assembly 3, a heat radiation function for radiating 
the heat in the coil assembly 3. 

[0045] The movable member 2 is desirably reduced in 

weight. From this viewpoint as well, it is desired to 
15 reduce the weight of the reinforcing member 20. As the 
reinforcing member 20, a non-magnetic, high heat 
conductive, and light weight material, for example, an 
aluminum alloy, is preferred. 

[0046] As shown in FIG. 3, the reinforcing member 20 is 
20 longer than the total length in the longitudinal direction 
of the coil assembly 3 in the direct-acting directions Al 
and A2. Ends 20e of the reinforcing member 20 are projected 
from the two ends of the coil assembly 3. The two ends 20e 
of the reinforcing member 20 are fixed to the holding 
25 member 10 via the spacers 25 by holding means, for example, 
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bolts 30. When fixing the reinforcing member 20 to the 
holding member 10 via the spacers 25, the holding member 10 
holds the facing outer circumferential surfaces of the coil 
assembly 3 over their entire surfaces. 
5 [0047] By imparting such a structure to the coreless 

linear motor 1, the heat generated in the coils 3A, 3B, and 
3C is propagated to the reinforcing member 20 and can be 
conducted to the holding member 10 via the spacers 25 on 
the two sides of the coils 3A, 3B, and 3C. 
10 [0048] In this way, the spacers 25 have, other than the 
function of fixing the reinforcing member 20 holding the 
coil assembly 3 to the holding member 10, the function of 
propagating the heat of the coils 3A, 3B, and 3C to the 
holding member 10. The spacers 25 are desirably made of a 
15 material which is non-magnetic in the same way as the 
reinforcing member 20 and has a high heat conductivity 
other than the mechanical strength for fixing the 
reinforcing member 20 to the holding member 10. Further, a 
material having a light weight and a high mechanical 
20 structure is preferred. As the material of the spacers 25, 
for example, an aluminum alloy or other material is 
desirably used. 

[0049] By the reinforcing member 20 and the spacers 25, 

the heat generated in the coils 3A, 3B, and 3C can be 
25 conducted to the holding member 10. Further, it becomes 
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possible to radiate the heat generated in the coils 3A, 3B, 
and 3C to the outside of the linear motor 1 from the 
holding member 10 with a high efficiency. 

[0050] As illustrated in FIG. 4, the first distance Dl 

5 between the first and second facing yoke parts 51A and 51B 
and the second distance D2 between the first and second 
groups of permanent magnets 60A and 60B are made large 
enough to satisfy the following conditions. 

(1) The coil assembly 3 and the reinforcing member 20 
10 can move between the first and second groups of permanent 
magnets 60A and 60B facing each other across the second 
distance D2 therebetween which are arranged on facing 
surfaces of the first and second facing yoke parts 51A and 
51B. 

15 (2) Dimensions of the reinforcing member 20 having a 

thickness enough to secure the rigidity are secured. 

(3) The size is made an extent preventing any 
influence of the magnetic fluxes from the first and second 
groups of permanent magnets 60A and 60B located at 

20 positions facing the first and second facing yoke parts 51A 
and 5 IB. 

[0051] Facing surfaces 60f of the facing first and 

second groups of permanent magnets 60A and 60B face the 
outer circumferential surfaces 3f of the coil assembly 3 
25 across a predetermined distance. The facing surfaces 60f 
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and outer circumferential surfaces 3f of the coils 3A, 3B, 
and 3C are substantially parallel. The distance between 
the facing surfaces 60f of the first and second groups of 
permanent magnets 60A and 60B and the inner surface of the 
5 coil assembly 3 is set to Ld. 

[0052] The spacer 25 is not illustrated in FIG. 4. 

[0053] As illustrated in FIG. 5, the lengths (widths) 
L2 of the coils 3A, 3B, and 3C are equal. The lengths Lm = 
(2 x LI) of the adjacent pair of (two) permanent magnets N 
10 and S adjacent in the direct-acting directions Al and A2 of 
the first and second groups of permanent magnets 60A and 
60B and the dimensions Lc = (3 x L2) of the three coils 3A, 
3B, and 3C substantially coincide. The widths L2 of the 
coils 3A, 3B, and 3C are shorter than the width LI of each 
15 permanent magnet. 

[0054] The operation of the coreless linear motor 1 

will be explained with reference to FIG. 5. 

No magnetic flux BF from the facing first and second 
groups of permanent magnets 60A and 60B heads from one of 
20 the first and second groups of permanent magnets 60A and 
60B toward the other since the polarities of the magnetic 
poles of the facing permanent magnets are the same, but 
mainly heads toward the adjacent permanent magnets N and S. 
This magnetic flux becomes a force moving the movable 
25 member 2 along the direct-acting directions Al and A2 . 
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[0055] The magnetic fluxes BF of the first and second 
groups of permanent magnets 60A and 60B are mainly 
distributed near their surfaces 60f and do not easily reach 
the reinforcing member 20 inside the coils 3A, 3B, and 3C. 
[0056] When 3-phase AC currents of the U-phase, V- 
phase, and W-phase shifted in phase by 120 degrees are 
applied to the 3-phase coils 3A, 3B, and 3C, the 
orientation of the currents flowing in the coils 3A, 3B, 
and 3C on the first facing yoke part 51A side and the 
orientation of currents flowing in the coils 3A, 3B, and 3C 
on the second facing yoke part 51B side are reverse and the 
orientation of the magnetic flux BF passing through the 
coils 3A, 3B, and 3C on the first facing yoke part 51A side 
and the orientation of the magnetic flux BF passing through 
the coils 3A, 3B, and 3C on the second facing yoke part 51B 
side become reverse. As a result, on the first facing yoke 
part 51A side and the second facing yoke part 51B side, 
thrusts having the same orientation with respect to the 
movable portion 2 (coils 3A, 3B, and 3C) are generated. 
[0057] When 3-phase AC currents of the U-phase, V- 
phase, and W-phase shifted in phase by 120 degrees are 
applied to the 3-phase coils 3A, 3B, and 3C, magnetic 
fields shifted in phase by 120 degrees are generated due to 
the electromagnetic induction and an induction current 
flows in the reinforcing member 20. For example, when the 
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reinforcing member 20 is produced by an aluminum alloy or 
other metal having a low electric resistance, a large 
induction current flows in the reinforcing member 20. At 
this time, if the magnetic flux density of the magnetic 
fields of the first and second groups of permanent magnets 
60A and 60B reaching the inside of the coils 3A, 3B, and 3C 
is high, a force in the reverse direction to the thrust for 
moving the movable member 2 is generated. In order to 
prevent the generation of force in the reverse direction to 
the thrust in this way, it is necessary to secure exactly 
the magnitude of the distance (third distance) Ld between 
the surfaces 60f of the first and second groups of 
permanent magnets 60A and 60B and the surfaces 20f of the 
reinforcing member 20 facing these. 

[0058] When using an aluminum alloy for the reinforcing 
member 20, it is seen that, if the distance Ld is set so 
that the density of the magnetic fluxes BF applied to the 
surfaces 20f of the reinforcing member 20 becomes 1/2 or 
less of the magnetic flux density at the center of the 
surfaces 60f of the first and second groups of permanent 
magnets 60A and 60B, the influence due to the disadvantages 
explained above becomes almost zero. 

[0059] According to the coreless linear motor 1 of the 
first embodiment, even if the movable member 2 functioning 
as the armature is coreless, by configuring the coils 3A, 
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3B, and 3C by the above method, it becomes possible to 
raise the rigidity of the movable member 2 having the coils 
3A, 3B, and 3C. Further preferably, by providing the non- 
magnetic reinforcing member 20, it becomes possible to 
5 rapidly raise the rigidity of the coils 3A, 3B, and 3C and 
accordingly the movable member 2 . As a result, when 
controlling the drive of the coreless linear motor 1 so 
that AC currents shifted in phase by 120 degrees are 
applied to the coils 3A, 3B, and 3C and the movable member 
10 2 is moved in the direct-acting directions Al and A2 , it 
becomes possible to raise the control loop gain of the 
coreless linear motor 1. When this coreless linear motor 1 
is used, it becomes possible to deal with the positioning 
control at a nanometer (nm) level resistance to external 

15 disturbance. 

[0060] By making the 3-phase coils 3A, 3B, and 3C (coil 

assembly 3) a hollow cylindrical state and arranging the 
coil assembly 3 between the facing first and second groups 
of permanent magnets 60A and 60B, even if a large induction 

20 current flows when for example aluminum, an aluminum alloy, 
or other material having a low electric resistance is used 
for the reinforcing member 20, the influence of the 
magnetic fluxes BF from the first and second groups of 
permanent magnets 60A and 60B inside the coils 3A, 3B, and 

25 3C is very small, therefore generation of force in the 
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reverse direction to the thrust of the movable member 2 can 
be suppressed to the lowest limit. As a result, the thrust 
fluctuation of the coreless linear motor 1 can be greatly 
suppressed . 

5 [0061] When the reinforcing member 20 is made by for 
example an aluminum alloy, copper alloy, or other metal 
material having a high heat conductivity, the heat 
generated in the coils 3A, 3B, and 3C is conducted through 
the reinforcing member 20 and the spacers 25 to the holding 
10 member 10, so the heat of the coils 3A, 3B, and 3C is 

radiated to the outside of the movable member 2 with a high 
efficiency. As a result, the temperature rise of the entire 
coreless linear motor 1 can be suppressed, and it becomes 
possible to prevent a reduction of the positioning 
15 precision due to the heat deformation of the components of 
the coreless linear motor 1 due to the temperature rise. 
[0062] When an aluminum alloy, copper alloy, or other 
material having a low electrical resistance is used for the 
reinforcing member 20, in comparison with the case where a 
20 material having a high electric resistance is used for the 
reinforcing member 20, the mutual inductance between the 
coils 3A, 3B, and 3C, and the reinforcing member 20 can be 
made small, and the reduction of response due to the mutual 
inductance can be prevented. In other words, the electrical 
25 response of the coreless linear motor 1 can be improved. 
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[0063] When an aluminum alloy or other material having 
a light weight is used for the reinforcing member 20, the 
movable member 2 can be reduced in weight. When a material 
having a light weight is used also for the connection 
5 portion 51C, the entire coreless linear motor 1 can be 
further reduced in weight. 
[0064] (Second Embodiment) 

A coreless linear motor of a second embodiment based 
on the present invention will be explained with reference 

10 to FIG. 6 and FIG. 7. 

[0065] FIG. 6 is a perspective view showing the 

structure of the movable member of the coreless linear 
motor of the second embodiment of the present invention. 
The basic configuration of a coreless linear motor 1A of 

15 the second embodiment is the same as the coreless linear 
motor 1 of the first embodiment. In FIG. 6, the same 
notations are used for the same components as those of the 
first embodiment explained with reference to FIG. 1 to FIG. 
5. 

20 [0066] A movable member 2A of the coreless linear motor 
1A shown in FIG. 6 is provided with a coil assembly 30 
constituted by two coil groups consisting of 3-phase coils 
3A1, 3B1, and 3C1 of a first group and 3-phase coils 3 A2 , 
3B2, and 3C2 of a second group. 

25 [0067] The first coil 3A1 of the first group and the 
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first coil 3A2 of the second group are arranged adjacent to 
each other, the second coil 3B1 of the first group and the 
second coil 3B2 of the second group are arranged adjacent 
to each other, and the third coil 3C1 of the first group 
5 and the third coil 3C2 of the second group are arranged 
adjacent to each other. The first coil 3A2 of the second 
group and the second coil 3B1 of the first group are 
arranged adjacent to each other, and the second coil 3B2 of 
the second group and the third coil 3C1 of the first group 
10 are arranged adjacent to each other. 

[0068] The 3-phase coils 3 Al , 3B1 , and 3C1 of the first 

group and the 3-phase coils 3 A2 , 3B2 , and 3C2 of the second 
group have the same configuration as those of the 3-phase 
coils 3A, 3B, and 3C in the linear motor 1 of the first 
15 embodiment explained with reference to FIG. 1 to FIG. 5. 

Also, the coil assembly 30 in the coreless linear motor of 
the second embodiment is formed by the same method as the 
method of formation of the coil assembly 3 in the coreless 
linear motor of the first embodiment. 
20 [0069] The operation of the coreless linear motor 1A of 

the second embodiment will be explained with reference to 
FIG. 7. 

The 3-phase coils 3A1 , 3B1 , and 3C1 of the first group 
and the 3-phase coils 3 A2 , 3B2 , and 3C2 of the second group 
25 face two pairs of permanent magnets, for example, a first N 
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pole permanent magnet Nl , a first S pole permanent magnet 
SI, a second N pole permanent magnet N2 , and a second S 
pole permanent magnet S2 . 

[0070] In the direct-acting directions Al and A2 , for 
5 example, the dimensions of the four permanent magnets of 
the first N pole permanent magnet Nl , first S pole 
permanent magnet SI, second N pole permanent magnet N2, and 
second S pole permanent magnet S2 in the longitudinal 
direction of the yoke 51 (direct-acting directions Al and 
10 A2) and the dimensions of the six coils of the first and 
second groups are subtantially the same. 
[0071] The 3-phase coils 3 A2 , 3B2 , and 3C2 of the 

second group determine the orientation of winding of coils 
and apply 3-phase AC currents from a not shown power source 
15 so as to generate magnetic fields having reverse phases 

with respect to the 3-phase coils 3A1 , 3B1 , and 3C1 of the 
first group, that is, having phases different by 180 
degrees . 

[0072] In order to impart reverse phase relationships 

20 to the magnetic fields generated by the 3-phase coils 3A2 , 
3B2, and 3C2 of the second group and the 3-phase coils 3A1 , 
3B1, and 3C1 of the first group, the winding orientations 
of the 3-phase coils 3A2 , 3B2 , and 3C2 of the second group 
and the 3-phase coils 3A1 , 3B1 , and 3C1 of the first group 
25 may be reversed and 3-phase AC currents having the same 
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phase may be applied to the coils of the first group and 
the second group or the connection method of the coils may 
be changed. 

[0073] As an example, for example, when the winding 
orientations of the 3-phase coils 3A1 , 3B1 , and 3C1 of the 
first group and the 3-phase coils 3A2 , 3B2 , and 3C2 of the 
second group are the same, the 3-phase AC currents of the 
U-phase, V-phase, and W-phase are applied to the 3-phase 
coils 3A1, 3B1, and 3C1 of the first group and 3-phase AC 
currents of the reversed U-phase (-U-phase) , reversed V- 
phase (-V-phase) , and reversed W-phase (-W-phase) different 
in phases from the above 3-phase AC currents by 180 degrees 
are applied to the 3-phase coils 3A2 , 3B2 , and 3C2 of the 
second group. Due to this, magnetic fields in reverse 
orientations are generated in the adjacent coils 3A1 , 3A2 , 
in the adjacent coils 3B1 and 3B2 , and in the adjacent 
coils 3C1 and 3C2 . 

[0074] These magnetic fields are in reverse phase 
relationships, therefore magnetic fluxes of magnetic fields 
are cancelled by each other. As a result, the induction 
current generated in the reinforcing member 20 fit in the 
coils can be suppressed. In this way, the induction current 
flowing in the reinforcing member 20 can be suppressed, 
therefore the distance between the reinforcing member 20 
and the first and second groups of permanent magnets 60A 
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and 60B can be shortened. 

[0075] Further, the excessive current loss in the 
reinforcing member 20 can be lowered, and the reduction of 
the efficiency of the coreless linear motor 1A due to the 
5 excessive current loss can be prevented. 

[0076] In the coreless linear motor of the second 

embodiment, the magnetic fluxes leaked from the interiors 
of the adjacent coils 3A1 and 3A2 , adjacent coils 3B1 and 
3B2, and coils 3C1 and 3C2 in reverse phase relationships 
10 are suppressed, therefore the disturbance with respect to 
the magnetic fields formed by the first and second groups 
of permanent magnets 60A and 60B can be reduced, and the 
magnetic saturation of the yoke 51, particularly the first 
and second facing yoke parts 51A and 51B due to the 
15 magnetic fluxes generated by the coils of the first and 
second groups can be prevented. 
[0077] (Modification of Second Embodiment) 

A modification of a coreless linear motor of the 
second embodiment will be explained with reference to FIG. 
20 8. 

[0078] In a linear motor IB illustrated in FIG. 8, the 

dimensions of the sets of adjacent coils 3A1 and 3A2 , coils 
3B1 and 3B2 , and coils 3C1 and 3C2 are made substantially 
the same as the dimensions of adjacent two permanent 
25 magnets S and N in the first and second groups of permanent 
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magnets 60A and 60B. The sets of coils are arranged so that 
the left and right permanent magnets are different in phase 
from each other by tz /3 radians (60 degrees) or different 
in phase from one set of permanent magnets by 2 tu /3 radians 
5 (120 degrees) . 

[0079] By generating the magnetic field in each coil in 
the same way as the linear motor 1A of the second 
embodiment, the coreless linear motor IB illustrated in 
FIG. 8 gives the same mode of operation and effects as 
10 those by the linear motor 1A of the second embodiment. 

[0080] In the configuration of the coils illustrated in 

FIG. 8, each two coils are constituted as one set and the 
sets are separated from each other, therefore the heat 
generated in coils is easily radiated. 
15 [0081] (Third Embodiment) 

FIG. 9 is a sectional view showing a coreless linear 
motor of a third embodiment based on the present invention 
[0082] In a coreless linear motor 1C of the third 

embodiment, first and second groups of permanent magnets 
20 60A and 60B, coil assemblies 3 and 30, yoke 51, etc. are 
the same as those of the first and second embodiments 
explained above. Below, details unique to the third 
embodiment will be explained. 

[0083] In the coreless linear motors of the first and 

25 second embodiments, the reinforcing member 20 had a solid 
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rectangular cross-section. In order to further raise the 
heat radiation property, a through hole 20Ca penetrating 
along the direct-acting directions Al and A2 is formed in a 
reinforcing member 20C of the coreless linear motor 1C 

5 shown in FIG. 9. By the through hole 20Ca, the area of the 
inner surface of the reinforcing member 20C contacting the 
cooling medium, for example, the air, increases, so the 
heat generated in the coils is easily radiated off. 
[0084] The reinforcing member 20C moves along the 

10 direct-acting directions Al and A2 as a portion of the 
movable member 2, therefore, by running air through the 
through hole 20Ca at that time, the heat of the coil 
assemblies 3 and 30 can be radiated off. 

[0085] When air or another cooling medium is forcibly 
15 introduced into the through hole 20Ca, the cooling 
efficiency further rises. 

[0086] The function of raising the rigidity of the coil 

assemblies 3 and 30 by the reinforcing member 20C is the 
same as that of the first and second embodiments. 

20 [0087] By forming the through hole 20Ca in the 

reinforcing member 20C, the reinforcing member 20C becomes 
lighter in weight than the solid reinforcing member 20, and 
the movable member 2 becomes lighter in weight. 
[0088] (Modification of Third Embodiment) 

25 FIG. 10 is a sectional view showing another example of 
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the structure of the reinforcing member in the coreless 
linear motor of the third embodiment. 

[0089] In a reinforcing member 20D in a coreless linear 

motor ID shown in FIG. 10, a through hole 20Da running 
5 along the direct-acting directions Al and A2 is formed and 
heat radiating fins 20Df are formed on the inner wall of 
the through hole 20Da. By forming the fins 20Df , the 
surface area of contact with the cooling medium in the 
reinforcing member 20D becomes large, and heat can be 
10 further efficiently radiated in comparison with the case of 
using the reinforcing member 20C illustrated in FIG. 9. 
[0090] (Fourth Embodiment) 

A coreless linear motor of a fourth embodiment based 
on the present invention will be explained with reference 
15 to FIG. 11 to FIG. 15. 

[0091] In FIG. 11, a coreless linear motor 100 has a 

movable member 150 and a fixed member 101 . The linear motor 
100 of the fourth embodiment is different from the first to 
third embodiments. The fixed member 101 functions as the 
20 armature, and the movable member 150 functions as the 

stator. Namely, the movable member 150 having a yoke 151 
and first and second groups of permanent magnets 106A and 
106B moves relatively in the direct-acting directions Al 
and A2 with respect to the fixed member 101. 
25 [0092] The fixed member 101 has a coil assembly 103, a 



34 



reinforcing member 120 for reinforcing the coil assembly 
103 by raising the rigidity of the coil assembly 103, and a 
holding member 110 for holding the coil assembly 103 and 
the reinforcing member 120. 
5 [0093] The holding member 110 is made of a plate shaped 

member in the same way as the holding member 10 of the 

first to third embodiments and is formed by for example 

stainless steel, an aluminum alloy, or other non -magnetic 
metal. The holding member 110 plays the role of holding the 
10 reinforcing member 120 via the spacers 125 and further 

holding the coil assembly 103. The holding member 110 is 

fixed to a not illustrated base etc. 

[0094] In the coil assembly 103, a plurality of sets of 

coils each constituted by three 3-phase coils 103A, 103B, 

15 and 103C are continuously combined. The adjacent portions 
of the 3-phase coils 103A, 103B, and 103C in each set, in 
the same way as the first to third embodiments, are 
connected using an electrical insulation member 109 the 
same as the electrical insulation material 9 so as to form 

20 the set of coils. The method of formation of each set of 3- 
phase coils 103A, 103B, and 103C is the same as the method 
of formation of the coil assembly 3 of the first to third 
embodiments. In the longitudinal direction of the yoke 151, 
the adjacent portions of the 3-phase coils 103A, 103B, and 

25 103C of each set are connected by using the electrical 
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insulation material 109 to form the coil assembly 103. 
[0095] The total length of the coil assembly 103 
comprised of sets of coils each including the 3-phase coils 
103A, 103B, and 103C is longer than the coil assembly 3 
5 made of three coils of the first embodiment. 

[0096] As illustrated in FIG. 11 and FIG. 12, the 
reinforcing member 120 fixed to the holding member 110 via 
the spacers 125 contacts the inner wall of the coil 
assembly 103, passes through the coil assembly 103, and 
10 supports the coil assembly 103. 

[0097] The reinforcing member 120 functions to radiate 
the heat from the coil assembly 103 to the outside other 
than functioning to raise the strength of the coil assembly 
103 in the same way as the reinforcing members 20, 20C, and 
15 20D of the first to third embodiments. At the center 

portion of the reinforcing member 120, a through hole (flow 
path) 120p in which the cooling medium flows is formed 
along the longitudinal direction of the yoke 151. 
[0098] The reinforcing member 120 is formed by a non- 
20 magnetic, light weight material the same as that for the 

reinforcing member 20 explained with reference to FIG. 1 to 
FIG. 5, for example, aluminum or an aluminum alloy. 
[0099] As shown in FIG. 12, the ends 120e of the 
reinforcing member 120 project from the two ends of the 
25 coil assembly 103 and are fastened to the holding member 
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110 by not illustrated fastening members via the spacers 
125. 

[0100] The spacers 125, in the same way as the spacers 
25 of the first to third embodiments, function to fix the 

5 reinforcing member 120 to the holding member 110 and also 
function to conduct the heat of the reinforcing member 120 
to the holding member 110, so are formed by aluminum, an 
aluminum alloy, or other non -magnetic material having a 
high heat conductivity. 

10 [0101] The holding member 110 holds the facing outer 

circumferential surfaces of the coil assembly 103 over the 
entire surface. As a result, the rigidity of the coil 
assembly 103 having a relatively long total length rapidly 
rises . 

15 [0102] The movable member 150 has the yoke 151 and a 

first group of permanent magnets 106A and a second group of 
permanent magnets 106B having the same configuration as 
that of the first and second groups of permanent magnets 
60A and 60B of the first to third embodiments and is 

20 movably supported in the direct-acting directions Al and A2 
by a not illustrated guide mechanism. 

[0103] The yoke 151 shown in FIG. 13 is the same as the 

yoke 51 explained with reference to FIG. 4. Namely, the 
first and second facing yoke parts 151A and 151B have 
25 surfaces facing each other. The first and second facing 
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yoke parts 151A and 151B facing each other across the first 
distance Dl and a connection yoke part 151C arranged 
vertical to these facing yoke parts and connecting firsts 
ends of the first and second facing yoke parts 151A and 
5 151B along the direct-acting directions Al and A2 are 

integrally formed. The facing yoke parts 151A and 151B and 
the connection yoke part 151C may be formed as different 
members and joined. The yoke 151 can be formed by iron or 
another magnetic material as a whole in the same way as the 
10 yoke 51 explained with reference to FIG. 4, but from the 

viewpoint of the reduction of weight of the movable member 
150, a magnetic material may be used for the facing yoke 
parts 151A and 151B and aluminum, an aluminum alloy, or 
another non-magnetic material may be used for the 
15 connection yoke part 151C. 

[0104] As illustrated in FIG. 14, the first and second 
groups of permanent magnets 106A and 106B made of pairs of 
N pole and S pole permanent magnets are formed into 
rectangular plate shapes in outer shape in the longitudinal 
20 direction, have the same dimensions, and fixed to the 

facing surfaces of the facing yoke parts 151A and 151B. The 
magnetic poles of the facing permanent magnets are the 
same . 

[0105] The coils 103A, 103B, and 103C of each set 

25 forming the coil assembly 103 have a square or rectangular 
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cross-sectional contour shape, therefore, as shown in FIG. 
13, facing surfaces 106f of the facing first and second 
groups of permanent magnets 106A and 106B face each other 
across a predetermined distance (space) with respect to the 
5 outer circumferential surfaces 103f of the coil assembly 

103. The facing surfaces 106f and the outer circumferential 
surfaces 103f are arranged substantially parallel. 
[0106] The operation of the coreless linear motor 100 

of the fourth embodiment will be explained with reference 

10 to FIG. 14. 

In the direct-acting directions Al and A2 , the 
dimensions of the adjacent pairs of permanent magnets N and 
S and the dimensions of a set of three coils 103A, 103B, 
and 103C substantially match. 

15 [0107] In the same way as that explained in the first 

to third embodiments, almost no magnetic flux BF of the 
permanent magnets facing each other across a set of three 
coils 103A, 103B, and 103C extends from one of the facing 
permanent magnets to the other since the magnetic poles of 

20 the facing permanent magnets are the same. It mainly 

extends from the permanent magnet N toward the permanent 
magnet S which are adjacent in the longitudinal direction 
of the yoke 151. Accordingly, the magnetic fluxes BF of the 
permanent magnets N and S are mainly distributed near the 

25 surfaces of the adjacent pairs of permanent magnets N and S 
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and do not easily reach the reinforcing member 120 inside 
the 3-phase coils 103A, 103B, and 103C facing the permanent 
magnets N and S. 

[0108] When AC currents shifted in phase by 120 degrees 
5 are applied to the 3-phase coils 3A, 3B, and 3C, a magnetic 
field is generated due to electromagnetic induction, and an 
induction current flows in the reinforcing member 120. When 
using aluminum, an aluminum alloy, or other non-magnetic 
metal having a low electric resistance for the reinforcing 
10 member 120, a large induction current flows. At this time, 
when the magnetic flux density of the magnetic fields of 
the permanent magnets N and S reaching the inside of the 3- 
phase coils 103A, 103B, and 103C is large, a force in the 
reverse direction to the thrust with respect to the movable 
15 member 150 is generated. In order to prevent the generation 
of force in the reverse direction to the thrust, the 
distance Id between the permanent magnets N and S and the 
reinforcing member 120 is secured in the same way as the 
first embodiment. Namely, it is necessary to secure the 
20 distance (third distance) between the surfaces 106f of the 
first and second groups of permanent magnets 106A and 106B 
and surfaces 120f of the reinforcing member 120 facing 
these to exactly a certain length. 

[0109] In the fourth embodiment as well, it was learned 

25 that, in the same way as the first embodiment, when using 
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an aluminum alloy for the reinforcing member 120, if 
setting the distance Ld so that the density of the magnetic 
fluxes BF applied to the surfaces 102f of the reinforcing 
member 120 becomes 1/2 or less of the magnetic flux density 
5 at the center of the surfaces of the first and second 
groups of permanent magnets 106A and 106B, the flux has 
almost no influence. 

[0110] Due to this, even in the coreless linear motor 
100 of the fourth embodiment, the same effects as those by 
10 the coreless linear motors of the first to third 
embodiments are obtained. 

[0111] The fixed member and the movable member of the 

coreless linear motor of the fourth embodiment are reverse 
to the fixed member and movable member in the coreless 

15 linear motors of the first to third embodiments, but even 
when the fixed member and the movable member are reversed, 
the same effects as those by the first to third embodiments 
are exhibited. Namely, in the present invention, the 
movable member and the fixed member may be constituted 

20 movable relative to each other. 

[0112] In the coreless linear motor of the fourth 

embodiment, the coil assembly 103 is fixed, therefore the 
wiring to the coil assembly 103 becomes easy. 
[0113] In the coreless linear motor of the fourth 

25 embodiment, the reinforcing member 120 is in the fixed 
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member, therefore cooling is easy. 

[0114] An example of the cooling method of the linear 
motor 100 of the fourth embodiment will be explained with 
reference to FIG. 15. 
5 A supply source 300 for supplying the cooling medium 

is connected to one end of the through hole (flow 
passageway) 120p formed in the reinforcing member 120. A 
cooling medium CL is supplied to the through hole 120p. In 
the present embodiment, the reinforcing member 120 is 
10 located in the fixed member 101, therefore, as the cooling 
medium CL, for example a liquid such as water having a high 
heat capacity in comparison with air can be used. The 
cooling medium CL supplied from one end of the through hole 
120p passes through the through hole 120p, efficiently 
15 absorbs the heat of the reinforcing member 120 to become 

heated, and is discharged from the other end of the through 
hole 120p. As a result, the temperature of the coreless 
linear motor 100 of the fourth embodiment can be easily and 
sufficiently controlled, and the entire coreless linear 
20 motor is not affected by a temperature rise. When such a 

coreless linear motor is used, there is merit particularly 
in nano positioning control or other precision control. 
[0115] (Fifth Embodiment) 

FIG. 16 is a diagram showing the configuration of a 
25 coreless linear motor of a fifth embodiment based on the 
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present invention . 

[0116] The basic configuration of a coreless linear 

motor 100A according to the fifth embodiment is the same as 
that of the coreless linear motor 100 of the fourth 
5 embodiment. In FIG. 16, the same notations are used for the 
same components as those of the coreless linear motor of 
the fourth embodiment illustrated with reference to FIG. 11 
to FIG. 15. 

[0117] In the coreless linear motor 100A shown in FIG. 

10 16, in the same way as the coreless linear motor 100 of the 
fourth embodiment, the fixed member having the reinforcing 
member 120 and the coil assembly 103 functions as the 
armature. This motor has a yoke 151 having a not 
illustrated connection yoke part, first and second facing 

15 yoke parts 151A and 151B, and a movable member having first 
and second groups of permanent magnets 106AA and 106BB. 
[0118] In the first and second facing yoke parts 151A 

and 151B, two pairs of, that is, four, permanent magnets N 
and S forming the first group of permanent magnets 106AA 

20 and second group of permanent magnets 106BB are arranged. 

These are arranged so that the polarities of the permanent 
magnets N and S are alternately reversed along the direct- 
acting directions Al and A2 and arranged so that the 
polarities of the permanent magnets N and S in the facing 

25 first and second groups of permanent magnets 106AA and 
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106BB become the same. 

[0119] The coil assembly 103 in the coreless linear 
motor 100A has a first coil assembly 103A having a 
plurality of sets each constituted by 3-phase coils 103A, 
5 103B, and 103C and a second coil assembly 103B having a 
plurality of sets each constituted by 3-phase coils 103A2, 
103B2, and 103C2. The coils 103A1 and 103A2, the coils 
103B1 and 103B2, and the coils 103C1 and 103C2 are arranged 
adjacent to each other. The coil 103A2 is arranged between 
10 the coils 103A1 and 103B1, the coil 103B2 is arranged 

between the coils 103B1 and 103C1 , and the coil 103C2 is 
arranged between the coils 103C1 and 103A1 . 

The coils 103A2, 103B2, and 103C2 generate magnetic 
fields different in phases by 180 degrees with respect to 
15 the coils 103A1, 103B1, and 103C1 . 

[0120] The 3-phase coils 103A1, 103B1, and 103C1 and 

the 3-phase coils 103A2 , 103B2, and 103C2 face two pairs 
of, that is, four, adjacent permanent magnets N and S. The 
lengths of the four permanent magnets N and S and the 
20 lengths of six coils in the direct-acting directions Al and 
A2 are substantially the same. 

[0121] When the 3-phase AC currents of the U-phase, V- 
phase, and W-phase different in phases by 120 degrees are 
applied to the 3-phase coils 103A1, 103B1, and 103C1 and 3- 
25 phase AC currents of the -U-phase, -V-phase, and -W-phase 
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different in phases by 180 degrees from the U-phase, the V- 
phase, and the W-phase are applied to the 3-phase coils 
103A2, 103B2, and 103C2, magnetic fields in reverse 
orientations are generated in the coils 103A1 and 103A2, in 

5 the coils 103B1 and 103B2, and in the coils 103C1 and 

103C2. As a result, the fixed member and the movable member 
are reverse, but the mode of operation and effects the same 
as those of the coreless linear motor of the second 
embodiment illustrated in FIG. 7 are obtained. 

10 [0122] (Sixth Embodiment) 

A coreless linear motor of a sixth embodiment of the 
present invention will be explained with reference to FIG. 
17 and FIG. 18. 

[0123] FIG. 17 is a diagram showing the configuration 

15 of a coreless linear motor 100B of the sixth embodiment 

based on the present invention. FIG. 18 is a sectional view 
showing the structure of the movable member and the fixed 
member of the coreless linear motor 100B shown in FIG. 17. 
[0124] In the coreless linear motor 100B, a yoke 151-A 

20 having four yoke sides 151A to 151D is formed to a square 
or rectangular cylindrical outer shape. On the inner walls 
of the four yoke sides, a first group of permanent magnets 
106A, a second group of permanent magnets 106B, a third 
group of permanent magnets 106C, and a fourth group of 
25 permanent magnets 106D are arranged. The first group of 
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permanent magnets 106A and the second group of permanent 
magnets 106B face each other, while the third group of 
permanent magnets 106C and the fourth group of permanent 
magnets 106D face each other. These groups- of permanent 
5 magnets face four outer circumferential surfaces of the 
coil assembly 103. 

[0125] In the coreless linear motor 100B, by employing 

a configuration making the four surfaces of the coil 
assembly 103 face the four groups of permanent magnets 
10 106A, 106B, 106C, and 106D4, the efficiency of utilization 
of magnetic fields of the groups of permanent magnets 106A, 
106B, 106C, and 106D4 utilized by the coil assembly 103 
rises and the thrust etc. of the movable member made of the 
yoke 151A-1 and groups of permanent magnets 106A, 106B, 
15 106C, and 106D4 can be raised. 

[0126] The reinforcing member 120 and the through hole 

120a give the same cooling effect as that by the 
reinforcing member 120 and the through hole 120a explained 
with reference to FIG. 13. 
20 [0127] In the above first to sixth embodiments, the 

sectional shape of coils was made a square or rectangular 
shape and the cross -sections of the groups of permanent 
magnets were formed to flat plate shapes, but the shape of 
the coreless linear motor of the present invention is not 
25 limited to this. For example, the sectional shape of the 
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coils may be made square, circular, oval, or other shapes. 
The permanent magnets can be curved in accordance with 
these shapes. Further, the shape of the yokes can be 
changed matching with this. 
5 [0128] Further, in the above first to sixth 

embodiments, the configuration was employed of inserting 
the reinforcing member into the coils after forming the 
coils in the cylindrical state, but the electrically 
insulated conductive wire may be directly wound around the 
10 periphery of the reinforcing member. 
[0129] (Seventh Embodiment) 

A coreless linear motor of a seventh embodiment based 
on the present invention will be explained with reference 
to FIG. 19 to FIG. 22. 
15 [0130] In the coreless linear motors of the embodiments 

explained above, in order to raise the rigidity of the 
coils, the reinforcing member 20 was used, but there is a 
possibility that the mass of the movable member becomes 
large due to the usage of the reinforcing member 20 and the 
20 control response of the coreless linear motor is lowered. 

Further, when stainless steel or another non-magnetic metal 
is used as the holding plate of the coils, since the 
holding plate is in the path of the magnetic flux of the 
magnetic circuit, the flow of the induction current in the 
25 holding plate when the holding plate is moved straight by 
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the movable portion generates a force in the reverse 
direction to the thrust. This sometimes becomes a cause of 
thrust fluctuation. The embodiment explained below 
overcomes the above problem. Namely, in the coreless linear 

5 motor based on the following embodiment, the armature is 
reduced in weight, and the thrust fluctuation is reduced. 
[0131] FIG. 19 is a perspective view showing the 
structure of the coreless linear motor according to the 
seventh embodiment based on the present invention. 

10 [0132] A coreless linear motor IF of the seventh 

embodiment has a movable member 2F functioning as the 
armature and a fixed member 50F. 

[0133] The fixed member 50F has a yoke 51 and first and 

second groups of permanent magnets 60A and 60B. 

15 The structure and arrangement of the yoke 51 and the 

first and second groups of permanent magnets 60A and 60B 
are the same as those of the first to third embodiments. 
The direct-acting directions Al and A2 are the directions 
in which the movable member 2F moves . 

20 [0134] In the yoke 51 illustrated in FIG. 21, in the 

same way as the yoke 51 explained with reference to FIG. 4, 
the first and second facing yoke parts 51A and 51B and the 
connection yoke part 51C are integrally formed, and the 
outside surfaces are fixed to the base etc. The first and 

25 second facing yoke parts 51A and 5 IB and the connection 
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yoke part 51C may be formed as different members. In that 
case, in the same way as the yoke 51 of the first 
embodiment, a configuration may be employed using a ferro- 
magnetic member for the first and second facing yoke parts 
5 51A and 51B and using a non-magnetic member for the 
connection yoke part 51C. For the yoke 51, from the 
viewpoint of the reduction of weight, use may be made of 
aluminum, aluminum alloy, or another light weight metal 
having a high specific strength or a reinforced plastic or 
10 other non-magnetic material . 

[0135] The first and second groups of permanent magnets 

60A and 60B, in the same way as those explained in the 
first to third embodiments, have a plurality of pairs of 
permanent magnets N and S. The conditions of arrangement of 
15 the magnetic poles, outer shape, and conditions of 

dimensions are the same as those of the first to third 
embodiments . 

[0136] As illustrated in FIG. 19, the movable member 2F 
has a coil assembly 3 having coils 3A, 3B, and 3C, a 

20 holding member 10 having a coil assembly 3, and a fastening 
member 11. In this movable member 2F, the reinforcing 
member 20 as in the coreless linear motor of the first 
embodiment or the like is not fit in the hollow portion 3H 
of the coils 3A, 3B, and 3C. 

25 [0137] The holding member 10 is the same as the holding 
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member 10 in the coreless linear motor of the first 
embodiment and is formed by for example stainless steel, 
aluminum alloy, or other metal. The holding member 10 
functions to hold the coil assembly 3 and is movably 
5 supported in the direct-acting directions Al and A2 by a 
not illustrated guide mechanism in the same way as the 
first embodiment. 

[0138] The 3-phase coils 3A, 3B, and 3C constituting 

the coil assembly 3 are obtained, in the same way as the 

10 first embodiment, by for example coating a wet binder on 
conductive wires covered by the electrical insulation 
material 9, arranging and winding these in multiple layers 
in a cylindrical state, and curing the binder for 
fastening. In the coils 3A, 3B, and 3C, the contour of the 

15 cross section is rectangular. Also, the method of 

production is the same as that of the first embodiment. For 
example, after forming the 3-phase coils 3A, 3B, and 3C in 
cylindrical shapes, the end surfaces are connected with 
each other by the non-magnetic electrical insulation member 

20 9 to thereby form the coil assembly 3. The electrical 

insulation member 9 is for example a glass epoxy resin or a 
hard alumite- treated aluminum alloy. 

[0139] In the sectional shape of the coils 3A, 3B, and 

3C, as explained with reference to FIG. 4, the length a of 
25 each of the sides facing the first and second groups of 
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permanent magnets 60A and 60B is longer than the length b 
of the sides other than these. 

[0140] The coil assembly 3 has a hollow portion 3H of a 

square contour running through it along the longitudinal 
5 direction. The winding directions of the 3-phase coils 3A, 
3B, and 3C are all the same. 

[0141] By imparting the above configuration to the 3- 
phase coils 3A, 3B, and 3C, in the same way as the first 
embodiment, the sectional secondary moment can be largely 

10 obtained, and the rigidity of the coils 3A, 3B, and 3C, 
particularly the bending and shearing rigidities, rise. 
Further, the rigidity of the coils 3A, 3B, and 3C per se 
rises and, at the same time, the coils 3A, 3B, and 3C have 
the hollow portion 3H. Since there is no reinforcing member 

15 20, the movable member 2F is light in weight. 

[0142] For fixing the coil assembly 3 to the holding 

member 10, as shown in FIG. 21, the outer circumferential 
surfaces 3fl facing the holding member 10 are fixed to the 
holding member 10 by an electrically insulating binder 350. 

20 Then, in a state where the outer circumferential surfaces 

3f3 and 3f4 facing the first and second groups of permanent 
magnets 60A and 60B of the coil assembly 3 are fastened by 
the fastening members 11, the fastening members 11 are 
fastened to the holding member 10 by bolts 30. Due to this, 

25 the coil assembly 3 is strongly fixed to the holding member 
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10. 

[0143] In the 3-phase coils 3A, 3B, and 3C, the 

contours of the cross-sections are square or rectangular, 
therefore, as shown in FIG. 22, the facing surfaces 60f of 

5 the facing first and second groups of permanent magnets 60A 
and 60B face the outer circumferential surfaces 3f3 and 3f4 
of the coil assembly 3 across a predetermined space. The 
facing surfaces 60f and the outer circumferential surfaces 
3f3 and 3f4 are substantially parallel. Between the facing 

10 first and second groups of permanent magnets 60A and 60B, 
only the coil assembly 3 connecting the coils 3A, 3B, and 
3C is arranged. Accordingly, inside the hollow portion 3H 
of the coil assembly 3, neither the reinforcing member 20, 
nor magnetic member, nor conductive member of the first 

15 embodiment exist. 

[0144] The operation of the coreless linear motor IF of 

the seventh embodiment will be explained with reference to 
FIG. 23. In the same way as the coreless linear motor of 
the first embodiment, the lengths of adjacent pair of 

20 permanent magnets N and S and the lengths of the 3-phase 

coils 3A, 3B, and 3C in the direct-acting directions Al and 
A2 substantially coincide. 

[0145] Among the coils 3A, 3B, and 3C, almost no 
magnetic flux BF of the permanent magnets N and N, and S 
25 and S in the facing first and second groups of permanent 
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magnets 60A and 60B extends from one of the facing 
permanent magnets N and N and S and S toward the other. It 
mainly extends from the adjacent permanent magnets N toward 
S since the polarities of the magnets are the same. 
5 [014 6] When the 3-phase AC currents of the U-phase, V- 
phase, and W-phase differing in phases by 120 degrees are 
applied to the 3-phase coils 3A, 3B, and 3C, the direction 
of the current flowing in the coils 3A, 3B, and 3C on the 
first facing yoke part 51A side and the direction of the 
10 current flowing in the coils 3A, 3B, and 3C on the second 
facing yoke part 5 IB side are reverse and the orientation 
of the magnetic flux BF passing through the coils 3A, 3B, 
and 3C on the first facing yoke part 51A side and the 
orientation of the magnetic flux BF passing through the 
15 coils 3A, 3B, and 3C on the second facing yoke part 51B 

side become reverse. For this reason, on the first facing 
yoke part 51A side and the second facing yoke part 51B 
side, thrusts having the same orientation are generated. 
Due to these thrusts, the movable member 2F is moved along 
20 the direct-acting directions Al and A2 . 

[0147] As illustrated in FIG. 23, the magnetic fluxes 
BF of the permanent magnets N and S are mainly distributed 
near the surfaces 60f of the permanent magnets N and S and 
do not easily reach the internal portions of the coils 3A, 
25 3B, and 3C. Accordingly, even when the conductive wires 
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extend up to the cores of the coils 3A, 3B, and 3C, the 
magnetic fluxes of the permanent magnets N and S cannot be 
utilized. In the present embodiment, simultaneously with 
the raising of the efficiency of utilization of the 
5 magnetic fluxes of the permanent magnets N and S by 

defining the region where the magnetic flux does not reach 
in the coil assembly 3 as the hollow portion 3H, a 
reduction of weight of the coils 3A, 3B, and 3C is 
achieved. As a result, the mass of the movable member 2F 
10 can be reduced, and a high control response is achieved. 
[0148] The coil assembly 3 has the hollow portion 3H, 

therefore the heat generated in the coils 3A, 3B, and 3C is 
easily radiated to the outside through this hollow portion 
3H. 

15 [0149] When air or another cooling medium flows through 
the hollow portion 3H, the cooling can be more efficiently 
carried out. As a result, the temperature rise of the 
coreless linear motor IF can be suppressed, and the 
reduction of the positioning precision of the components of 

20 the coreless linear motor due to heat deformation can be 
prevented . 

[0150] In the coil assembly 3, there is no conductor in 

the hollow portion 3H, therefore no induction current is 
generated due to the magnetic fields generated by the coils 
25 3A, 3B, and 3C, and a force in the reverse direction to the 
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thrust of the movable member 2F is not generated. As a 
result, no thrust fluctuation of the linear motor IF due to 
the induction current occurs. In addition, no induction 
current is generated, therefore the reduction of the 
efficiency of the coreless linear motor can be prevented. 

[0151] Also, excessive current loss can be avoided, so 
a reduction of the motor efficiency can be prevented. 

[0152] Due to the above, according to the seventh 
embodiment, a coreless linear motor much suppressed in the 

fluctuation of thrust is obtained. 

[0153] (Eighth Embodiment) 

A coreless linear motor of an eighth embodiment based 

on the present invention will be explained with reference 

to FIG. 24 and FIG. 25. 

[0154] FIG. 24 is a perspective view showing the 

structure of a movable portion 2G of the coreless linear 
motor of the eighth embodiment of the present invention. 
[0155] The basic configuration of the coreless linear 

motor of the eighth embodiment is the same as the coreless 
linear motor of the seventh embodiment explained with 
reference to FIG. 19 to FIG. 22. The same notations are 
used for the same components as those of the seventh 
embodiment . 

[0156] The movable member 2G is provided with a coil 

assembly 30G constituted by a first group of 3-phase coils 
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3A1, 3B1, and 3C1 and a second group of 3-phase coils 3A2 , 
3B2, and 3C2 in the same way as the movable member 2 
explained with reference to FIG. 6. 

[0157] The operation of the coreless linear motor 1G of 

5 the eighth embodiment will be explained with reference to 
FIG. 25. 

The lengths of the adjacent four permanent magnets N, 
S, N, and S and the lengths of the six coils in the direct- 
acting directions Al and A2 are substantially the same. 

10 [0158] The relationships and conditions of the 3-phase 

coils 3A1, 3B1, and 3C1 of the first group and the 3-phase 
coils 3A2, 3B2, and 3C2 of the second group are the same as 
the relationships and conditions of the 3-phase coils 3A1 , 
3B1, and 3C1 of the first group and the 3-phase coils 3A2 , 

15 3B2, and 3C2 of the second group in the movable member 2 

explained with reference to FIG. 6. The 3-phase coils 3A2 , 
3B2, and 3C2 of the first group generates magnetic fields 
in reverse phases with respect to the 3-phase coils 3A1 , 
3B1, and 3C1 of the second group, that is, different in 

20 phases by 180 degrees. For example, when the winding 

orientations of the 3-phase coils 3A1 , 3B1 , and 3C1 of the 
first group and the 3-phase coils 3A2 , 3B2 , and 3C2 of the 
second group are the same, if the 3-phase AC currents of 
the U-phase, V-phase, and W-phase are applied to the 3- 

25 phase coils 3A1 , 3B1 , and 3C1 of the first group, and 3- 
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phase AC currents of the -U-phase, -V-phase, and -W-phase 
different in phases by 180 degrees from the former 3-phase 
AC currents are applied to the 3-phase coils 3A2 , 3B2 , and 
3C2 of the second group, magnetic fields in reverse 
5 orientations are generated in the coils 3A1 and 3A2 and the 
coils 3B1 and 3B2 of the first group and in the coils 3C1 
and 3C2 of the second group- These are in the reverse phase 
relationships, therefore the magnetic fluxes of the 
magnetic fields are cancelled by each other. As a result, 
10 the magnetic fluxes leaked from the inside of the coils 3A1 
and 3A2, coils 3B1 and 3B2 , and coils 3C1 and 3C2 are 
suppressed, therefore the disturbance to the magnetic 
fields formed by the permanent magnets N and S can be 
reduced, and the magnetic saturation of the yoke 51 (first 
15 and second facing yoke parts 51A and 51B) due to the 
magnetic fluxes generated by coils can be prevented. 
[0159] The method for imparting reverse phases to 

magnetic fields generated by the 3-phase coils 3A1 , 3B1 , 
and 3C1 of the first group and the 3-phase coils 3A2 , 3B2 , 
20 and 3C2 of the second group is the same as the case 
explained with reference to FIG. 6. For example, the 
winding directions of the 3-phase coils 3A1 , 3B1 , and 3C1 
of the first group and the 3-phase coils 3A2 , 3B2 , and 3C2 
of the second group may be made reverse and the 3-phase AC 
25 currents having the same phase may be applied or the method 
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of connection of the coils may be changed. 
[0160] (Modification of Eighth Embodiment) 

A modification of the coreless linear motor of the 
eighth embodiment will be explained with reference to FIG. 
5 8. 

[0161] As explained with reference to FIG. 8, the 
lengths of the sets of the adjacent coils 3A1 and 3A2 , 
coils 3B1 and 3b2 , and coils 3C1 and 3C2 are made 
substantially the same as the lengths of the adjacent two 

10 permanent magnets N and S. The sets of the coils are 

arranged with phases different by exactly it /3 radians (60 
degrees) or 2 tc /3 radians (120 degrees) based on the 
positions of the magnets. By generating the magnetic fields 
in the sets of coils in the same way as the linear motor of 

15 the seventh embodiment, the same mode of operation and 
effects as those by the seventh embodiment are obtained. 
[0162] (Ninth Embodiment) 

A coreless linear motor of a ninth embodiment based on 
the present invention will be explained with reference to 

20 FIG. 27. 

[0163] The basic configuration of a coreless linear 

motor 1H illustrated in FIG. 27 is the same as that of the 
coreless linear motor IF illustrated in FIG. 21, but in the 
coreless linear motor 1H, a reinforcing member 20H is fit 
25 in the hollow portion 3H of the coil assembly 3. 
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[0164] The reinforcing member 20H has a sectional shape 
matching with the sectional shape of the hollow portion 3H 
of the coil assembly 3 and is fit in the inner 
circumference of the hollow portion 3H over the entire 
5 length of the hollow portion 3H. The reinforcing member 20H 
is connected with the coil assembly 3. 

[0165] The reinforcing member 20H is provided so as to 

raise the rigidity of the coil assembly 3 in the same way 
as the reinforcing member 20 of the first embodiment. The 
10 reinforcing member 20H is provided with a hollow portion 
20h. This hollow portion 20h is formed for reducing the 
weight of the reinforcing member 20H and raising the 
cooling effect of the coil assembly 3. 

[0166] As the material for forming the reinforcing 
15 member 20H, in the same way as the reinforcing member 20 of 
the first embodiment, a non-magnetic electrical insulation 
material is used. As a preferred material of the 
reinforcing member 20H of the present embodiment, a 
material having a lighter weight than a metal and a high 
20 rigidity is preferred. A material such as FRP using glass 
epoxy resin, carbon fiber, or other reinforcing fibers is 
preferred. 

[0167] The shape of the reinforcing member 20H was made 

cylindrical, but the shape is not limited to this. Various 
25 shapes can be employed. For example, the shape of the 
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reinforcing member 20H may be made a flat plate. Further, a 
configuration may be employed not providing the reinforcing 
member along the entire circumference in the coil assembly 
3, but providing flat plate reinforcing members on for 
5 example the facing pair of side surfaces. Further, it is 
also possible to use a solid member as the reinforcing 
member and make the entire hollow portion 3H the 

reinforcing member. 

[0168] (10th Embodiment) 

10 A coreless linear motor of a 10th embodiment based on 

the present invention will be explained with reference to 

FIG. 28 to FIG. 31. 

[0169] A coreless linear motor 100D illustrated in FIG. 
28 has a movable member 150D and a fixed member 101D. In 
15 the present embodiment, the fixed member 101D functions as 
the armature. 

[0170] The fixed member 101D has a coil assembly 103D 

and a holding member HOD. 

The holding member HOD is shaped as a flat plate the 

20 same as that of the holding member 110 explained with 

reference to FIG. 12 and formed by a non-magnetic material, 
for example, a metal such as stainless steel or an aluminum 
alloy. The holding member HOD functions to hold the coil 
assembly 103 and is fixed to a not illustrated base or the 

25 like. 
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[0171] The coil assembly 103D is constituted by 
assembling a plurality of sets of 3-phase coils 103A, 103B, 
and 103C. The coils 103A, 103B, and 103C of each set are 
connected via the electrical insulation members 109. The 
5 coil assembly 103D is formed by the same method of 

formation of the coil assemblies 3 and 30 explained in the 
first and sixth embodiments. Note that it differs in the 
point that a large number of 3-phase coils 103A, 103B, and 
103C are connected and the total length is long. 
10 [0172] As shown in FIG. 29, the holding member HOD 

holds the facing outer circumferential surfaces of the coil 
assembly 103D over the entire surface. For this reason, the 
rigidity of the fixed member 101D having a relatively long 
total length rapidly rises. 
15 [0173] The hollow portion 103H of the coil assembly 3D 

runs along the direct-acting directions Al and A2 . 
[0174] The movable member 150D has a yoke 151 and first 

and second groups of permanent magnets 106A and 106B 
arranged on facing surfaces of the first and second facing 
20 yoke parts 151A and 151B of the yoke 151. The movable 
member 150D is movably supported in the direct-acting 
directions Al and A2 by a not illustrated guide mechanism. 
[0175] The configuration of the yoke 151 shown in FIG. 

29 is given the same configuration as that of the yoke 151 
25 explained with reference to FIG. 13 and is produced by the 
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same material. Note that the yoke 151 illustrated in FIG. 
13 is fixed and does not move, but the yoke 151 shown in 
FIG. 29 moves together with the first and second groups of 
permanent magnets 106A and 106B. 
5 [0176] The yoke 151 of the present embodiment can be 
formed by iron or another magnetic material, but from the 
viewpoint of the reduction of weight of the movable member 
150D, aluminum alloy or another high specific strength, 
light weight material can be used. Alternatively, a 
10 magnetic material may be used for the first and second 

facing yoke parts 151A and 151B, and aluminum, an aluminum 
alloy, or other non-magnetic material may be used for the 
connection yoke part 151C. 

[0177] The conditions etc. of the first and second 

15 groups of permanent magnets 106A and 106B are the same as 
those explained above. 

In the 3-phase coils 103A, 103B, and 103C of each set, 
the cross-sectional contour becomes a rectangle, therefore, 
as shown in FIG. 30 and FIG. 31, facing surfaces 106f of 

20 the facing first and second groups of permanent magnets 

106A and 106B face the outer circumferential surfaces 103f 
of the coil assembly 103 with a predetermined space, and 
the facing surfaces 10 6f and the outer circumferential 
surfaces 103f are arranged substantially parallel. 

25 [0178] The operation of the coreless linear motor 100H 
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will be explained with reference to FIG. 31. 

The operation of the coreless linear motor 100H is 
basically the same as the operation of the coreless linear 
motor 100 explained with reference to FIG. 14 except that 
5 the fixed member and the movable member are reverse. Below, 
the operation of the coreless linear motor 100H will be 
simply explained. 

[017 9] The lengths of the adjacent two permanent 
magnets N and S,and dimensions of the 3-phase coils 103A, 
10 103B, and 103C in the direct-acting directions Al and A2 
substantially coincide. 

[0180] Almost no magnetic flux of the facing permanent 
magnets N and N, and permanent magnets S and S extends from 
one to the other. The flux mainly extends to adjacent 
15 permanent magnets N and S. Accordingly, the magnetic flux 
BF from the permanent magnet N to S is mainly distributed 
near surfaces of the adjacent permanent magnets N and S and 
does not easily reach the internal portions of the coils 
103A, 103B, and 103C. 
20 [0181] When 3-phase AC currents of the U-phase, V- 

phase, and W-phase different in phases by 120 degrees are 
applied to the 3-phase coils 103A, 103B, and 103C, thrusts 
having the same orientations are generated on the first 
facing yoke part 151A side and the second facing yoke part 
25 151B side. Due to this thrust, the yoke 151 and the movable 
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member 150D including the first and second groups of 
permanent magnets 106A and 106B move along the direct- 
acting directions Al and A2 . 

[0182] An example of the cooling method of the coreless 
5 linear motor 100D illustrated in FIG. 31 will be explained 
with reference to FIG. 32. 

[0183] Air is supplied from one end of the hollow 
portion 103H of the coil assembly 103D by using a fan 300. 
The air supplied from one end of the hollow portion 103H 
10 passes through the hollow portion H, efficiently absorbs 
the heat, and is discharged from the other end of the 
hollow portion 103H. 

[0184] In the present embodiment, the coil assembly 

103D is fixed, therefore forcible cooling can be easily 
15 carried out by constantly supplying a cooling medium such 
as air or water to the hollow portion 103H, and the 
temperature of the coreless linear motor 100D can be easily 
controlled. 

[0185] (11th Embodiment) 

20 A coreless linear motor of an 11th embodiment based on 

the present invention will be explained with reference to 
FIG. 32. 

[0186] In the coreless linear motor 100E, the fixed 

member is the armature, and the movable member has a yoke 
25 151 and first and second groups of permanent magnets 106A 
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and 106B arranged in the first and second facing yoke parts 
151A and 151B. 

[0187] The configuration of the coreless linear motor 
100E of the 11th embodiment is the same as that of the 
5 coreless linear motor 100A explained with reference to FIG. 
16 except that the relationships of the fixed member and 
the movable member are reverse. 

[0188] The 3-phase coils 103A2, 103B2, and 103C2 

generate magnetic fields different in phases by 180 degrees 

10 with respect to the 3-phase coils 103A1 , 103B1, and 103C1 . 
[0189] In the coreless linear motor 100E, when 3-phase 

AC currents of the U-phase, V-phase, and W-phase are 
applied to the 3-phase coils 103A1, 103B1, and 103C1 , and 
the 3-phase AC currents of the -U-phase, -V-phase, and -W- 

15 phase having different phases by 180 degrees from the 

former 3-phase AC currents are applied to the 3-phase coils 
103A2, 103B2, and 103C2, magnetic fields in reverse 
orientations are generated in the coils 103A1 and 103A2 
the coils 103B1 and 103B2, and in the coils 103C1 and 

20 103C2, and the movable member having the yoke 151 and the 
first and second groups of permanent magnets 106AA and 
106BB move in the direct-acting directions Al and A2 
relative to the coil assembly 103E . 
[0190] (12th Embodiment) 

25 A coreless linear motor of a 12th embodiment based on 



in 
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the present invention will be explained with reference to 
FIG. 34 and FIG. 35. 

[0191] FIG. 34 is a diagram showing the configuration 

of the coreless linear motor of the 12th embodiment based 
5 on the present invention, and FIG. 35 is a sectional view 
showing the structure of the movable member and the fixed 
member of the coreless linear motor shown in FIG. 34. 
[0192] In the coreless linear motor 100F of the present 

embodiment, the armature is the fixed member, and the 
10 movable member is provided with groups of permanent magnets 
106A to 106D of four groups. Relationships of the fixed 
member and the movable member are reverse, but the 
structure of the yoke 151-A and the provision of the four 
groups of permanent magnets 106A to 106D in the yoke 151-A 
15 are the same as explained with reference to FIG. 19. 

[0193] By disposing four groups of permanent magnets 
106A to 106D at the yoke 151-A, the efficiency of 
utilization of the permanent magnets utilized by the coils 
rises and the thrust etc. can be improved. 
20 [0194] In the above embodiment, the sectional shape of 

the coils was made rectangular or square, and the groups of 
permanent magnets 60A and 60B or the first and second 
groups of permanent magnets 106A and 106B etc. were made 
flat plates in shape, but the present invention is not 
25 limited to this. For example, as the sectional shape of the 
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coils, other shapes such as square, circular, and oval 
shapes may be employed. The permanent magnets can be bent 
in accordance with these shapes. 

[0195] The above reinforcing member can also be applied 

5 to the coil of a coreless linear motor of a type in which a 
center yoke is inserted into the coil. 

[0196] The effects of the coreless linear motor of the 

present invention will be explained below. 

The coil used for the armature is formed by winding 
10 the conductive wire in the cylindrical state, therefore the 
sectional secondary moment of the coil can be largely 
obtained, and the rigidity of the coil, particularly the 
bending and shearing rigidities, rises. Further, by 
aligning and winding the conductive wires in multiple 
15 layers to a cylindrical state, fastening them by a binder, 
and connecting the end surfaces to each other via 
electrical insulation members, the rigidity of the coils 
per se rapidly rises. In particular, when using the coil 
assemblies 3 and 30 etc. as the fixing members of the 
20 coreless linear motors, the reinforcing members 20 and 120 
need not be used. By forming the coils as explained above 
and only fixing them to the holding member 110 by using the 
fastening members 11, a sufficient rigidity can be 
obtained. 

25 [0197] When arranging magnets for forming the magnetic 
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circuits so as to face each other at positions facing the 
outer circumferential surfaces of the 3-phase coils formed 
in this way and arranging them so that magnetic poles 
having the same polarity face each other, the orientations 
of the magnetic fluxes of the facing magnets are reverse, 
therefore the magnetic fluxes reach the coils located at 
the positions near the magnets, but the magnetic density 
becomes very small inside the 3-phase coils. 
[0198] The orientation of the force generated between 

the magnetic flux of one of facing magnets and the coil and 
the orientation of the force generated between the magnetic 
flux of the other magnet and the coil become the same. This 
becomes the thrust of the movable member. 

[0199] The non-magnetic conductive reinforcing member 

supports the inner circumferences of the 3-phase coils and 
further reinforces the coils improved in rigidity. This 
reinforcing member has conductivity. Magnetic flux 
generated by the 3-phase coils passes through it. 
Therefore, an induction current flows. However, the member 
is inside the coils where the magnetic flux from the 
magnets does not reach, therefore almost no force in the 
reverse direction to the thrust is generated. The 
reinforcing member functions also as a heat radiating means 
for radiating the heat of the coils. The reinforcing member 
is desirably reduced in weight. Therefore, aluminum alloy 
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etc. is used for the reinforcing meinber. 
[0200] When 3-phase coils of the second set having 
reverse phase relationships with respect to the 3-phase 
coils of the first set are arranged adjacent to the phase 
5 coils, magnetic fluxes in reverse orientations are 

generated inside the mutually adjacent coils, they are 
cancelled by each other, the magnetic flux passing through 
the reinforcing member is much reduced, and almost no 
induction current begins to flow in the reinforcing member. 
10 As a result, even when the magnetic flux from the magnets 
reaches the reinforcing member, the generation of a force 
in the reverse direction to the thrust can be greatly 
suppressed. Further, the excessive current loss can be 
avoided, and the reduction of the efficiency of the motor 

15 can be prevented. 

[0201] The above fixed member and movable member can be 
reversed. Where the coil assemblies 3, 103 etc. are used as 
the fixed members, it becomes easy to provide the cooling 
medium to the hollow portions etc. of the coil assemblies 3 

20 and 103, and the effect of the heat radiation measures of 
the coreless linear motor rises. 



